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, , $(+,+,+,+)$
, $(+,+,-,-)$ split $\dagger$. $[11, 12]$ .
1
$SU$(2) 4 .
$M=S^{3}\cross \mathbb{R}$ , $SU$(2)
$S^{3}$ .




$SU$(2) ( ) $SL(2,\mathbb{C})$ pre-homogeneous
. , $\mathbb{C}\mathrm{P}^{1}$ .
, .
, [5] ( ) ,
[4] scalar-flat K\"ahler $l*II(0,4,4, -4)$









, $P_{\nabla I}$ $P_{III}$ , scalar-
flat K\"ahler $P_{III}$ $[10, 11]$ .
, split L, $(+)+,$ $-,$ $-)$ , $P_{VI}$ $P_{III}$ .
$\ovalbox{\tt\small REJECT}$ $P_{II}$ . ,
.
$\mathrm{V}\mathrm{I}$ ,
( $\frac{d}{dz}-$ Z?1) $(\begin{array}{l}y_{1}y_{2}\end{array})=0$ ,
[6]. $B_{1}$ $\mathbb{C}\mathrm{P}^{1}$ 1 4 .


















$g=w_{1}11^{J}2w_{3}dt^{2}+ \frac{w_{2}w_{3}}{w_{\mathrm{I}}}\sigma 7+\frac{w_{3}w_{1}}{w_{2}}\sigma_{2}^{2}+\frac{w_{1}w_{2}}{w_{3}}\sigma_{3}^{2}$ . (1)
, $w_{i}$ $t$ , $\sigma_{i}$ $SU$(2) 1-form ,
$\vee$.






$1i^{f}2=-w3W1$ $+W2$ $(\alpha_{3}+\alpha_{1})$ ,
$14^{\cdot}3=-w1w2$ $+W3($ $\alpha_{1}+\alpha$2),
(3)
$\mathrm{i}_{1}$ $=-\alpha$2 $\alpha 3+\alpha$l ( $\alpha_{2}+\alpha$3),
$\dot{\alpha}_{2}=-\alpha$3 $\alpha$l $+\alpha$2 ( $\alpha_{3}+\alpha$l),
$\dot{\alpha}_{3}=-\alpha$ 1 $\alpha 2+\alpha$3 ( $\alpha_{1}+\alpha$2),














$t=t$ (\mbox{\boldmath $\tau$}), $a=a$ (t), $b=b$ (t), $c=c$(t) ,
$(\begin{array}{l}\hat{\sigma}_{1}\hat{\sigma}_{2}\hat{\sigma}_{3}\end{array})=R(t)(\begin{array}{l}\sigma_{1}\sigma_{2}\sigma_{3}\end{array})$ ,




$=(\begin{array}{l}\hat{\sigma}_{-},\Lambda\hat{\sigma}_{3}\hat{\sigma}_{3}\wedge\hat{\sigma}_{1}\hat{\sigma}_{\mathrm{l}}\wedge\hat{\sigma}_{-}\end{array})$ $+(\begin{array}{lll}0 \xi_{3} -\xi_{2}-\xi_{3} 0 \xi_{1}\xi_{2} -\xi_{1} 0\end{array})$ $dt\Lambda$ ,
( $\xi_{1}=\xi_{1}$ (t), $\xi_{2}=\xi_{-},(t),$ $\xi_{3}=\xi_{3}($t)).
$\xi_{1}=0,$ $\xi_{2}=0,$ $\xi_{3}=0$ .
.
, , $w_{1}=b\mathrm{C},w_{2z=ca,w_{3}=ab}$ , $\alpha_{i}$
$\dot{w}_{1}=-w_{2}w_{3}+w_{1}(\alpha_{2}+\alpha_{3})$ ,
$\mathrm{Y}\dot{\mathrm{t}}’2=-w3w1$ $+w2$ $(\alpha_{3}+\alpha_{1})$ , (5)
$\dot{w}_{3}=-w_{1}w_{2}+w_{3}(\alpha_{1}+\alpha_{2})$
. , ( )
[10, 11, 12] :
$\dot{\alpha}_{1}=-\alpha$2 $\alpha$3 $+\alpha_{1}$ ( $\alpha_{-},$ $+ \alpha 3)+\frac{1}{4}(w_{2}^{2}-w_{3}^{2})^{2}(\frac{\xi_{1}}{ww_{3}}\underline,)2$
$+$ z $(w_{3}^{2}-w_{1}^{2})(3w_{1}^{2}+w_{3}^{2})(. \frac{\xi_{2}}{w_{3}w_{\mathrm{I}}})2$
$+$ A $(w_{2}^{2}-w_{1}^{2})(3w^{\frac{}{1}}’\dashv-w\mathrm{D}$ $( \frac{\xi_{3}}{w_{1}w_{2}})2$ :
$\dot{\alpha}_{2}=-\alpha$3 $\alpha$ l $+- \alpha_{2}(\alpha_{3}+\alpha_{1})+\frac{1}{4}(w_{3}^{2}-w^{\frac{}{1}}’)^{2}(\frac{\xi_{2}}{w_{3}w_{1}})2$
$+$ z $(w_{1}^{2}-w_{2}^{2})(3w_{2}^{2}+w\mathrm{D}$ $( \frac{\xi_{3}}{w_{1}w_{2}})2$ (.6)
$+4$ $(w_{3}^{2}-w^{2},)-(3w_{2}^{2}+w_{3}^{2})( \frac{\xi_{1}}{w_{2^{]}3}\prime}\phi$) $2j$
$\dot{\alpha}_{3}=-\alpha_{1}\alpha 2+\alpha$3 $( \alpha_{1}+\alpha_{2})+\frac{1}{4}(w_{1}^{2}-w_{2}^{2})^{2}(\frac{\xi_{3}}{w_{1}w_{2}})2$
$+ \frac{1}{4}$ ($\mathrm{u}_{-}^{\rho},$ $-W_{3}’$ ) $(3w^{\frac{2}{3}}+w_{2}^{2})( \frac{\xi_{1}}{w_{2}w_{3}})^{2}$




$(w^{2}2- \}(J’)\tilde{3}\frac{cl}{dt}(,\frac{\xi_{1}}{\mathrm{W}\underline{0}\mathcal{W}_{3}})=\frac{\xi}{w_{3^{\mathrm{M}^{J}}1}}\underline’\frac{\xi_{3}}{w_{1}w_{2}}(-2\mathrm{u}^{\gamma\frac{9}{2}}\mathrm{u}_{3}^{r^{\gamma}}+w_{\overline{3}}’ W_{1}’+u^{\frac{}{1}}" w^{2}\underline,)$
$+ \frac{\xi_{1}}{1\phi’21\mathrm{t}’3}(\alpha_{2}\mathrm{i}4_{2}^{\prime^{2}-\alpha_{3}w_{\overline{3}}+3\alpha_{2}w}’ 5-3\alpha_{\mathrm{j}}W_{2}’)$ ,
$( \mathfrak{j}\phi p_{-\mathrm{t}\mathrm{t}^{f}}\frac{}{1}3’)\frac{d}{dt}(\frac{\xi_{2}}{w_{3}w_{1}})=\frac{\xi_{3}}{\}\mathrm{t}^{f}1w_{2}}\frac{\xi_{1}}{w_{2}w_{3}}(-2_{1\not\in w_{1}+w_{1}w^{\vee}+}^{\beta_{3}22}\underline’,w232_{W}’)$
(7)
$+ \frac{\xi_{2}}{w_{3}w_{1}}$ ( $\alpha_{3}w_{3}^{2}-\alpha_{1}w_{1}^{2}+3\alpha_{3}w_{1}^{2}-3\alpha_{1}$ wi).
$(w_{1}^{2}-w_{2}^{2}) \frac{d}{dt}(\frac{\xi_{3}}{w_{1}w_{2}})=\frac{\xi_{1}}{w_{2}w_{3}}\frac{\xi_{2}}{w_{3^{1\phi’}1}}(-2w_{1_{-}}^{\mathrm{z}_{w^{2}+w_{2}^{2}w_{3}^{2}+w_{3}^{2}w_{1}^{2})}}$,
$+ \frac{\xi_{3}}{w_{1}w_{2}}$ ( $\alpha_{1}w_{1}^{2}-\alpha_{2}$w$22+3\alpha_{1}\sim\{-3\alpha_{2}w_{1}^{2}$ ).
REMARK 3.1 $\xi_{1}=0,$ $\xi_{2}=0,$ $\xi_{3}=0$ , (5), (6), (7) (3) .
, $\alpha_{1}=w_{1},$ $\alpha_{2}=w_{2},$ $\alpha_{3}=w_{3}$ , Atiyah-Hitchin [1]
. , $\alpha_{1}=0,$ $\alpha\underline’=0,$ $\alpha_{3}=0$ , ,
BGPP [3] .
REMARK 3.2 $w_{2}=w_{3}$ , $\xi_{1}=0$,
$\xi_{2}=0,$ $\xi_{3}=0$ , . ,
$(w_{23}-1\mathrm{t}’)(w3-w\iota)(w_{1}-w_{2})\neq 0$ .
4 \yen /
$(M,g)$ 4 . $Z$ $M$ -\llcorner $\mathbb{C}\mathrm{P}^{1}$ ,




$-\sqrt{-1}z$(d-c$a_{h^{1}}$ ) $+ \frac{1}{2}(\omega_{1}^{0}-\sqrt-\sqrt{-1}$ ( $d-\omega$D).
$g=(e^{0})^{2}+(e^{1})^{2}+(e^{2})^{2}+(e^{3})^{2}$
, $\omega_{j}^{i}$ $de^{i}+\omega_{j}^{i}\Lambda e^{j}=0$ $\omega_{j}^{i}+\omega_{i}^{j}=0$ .
$(M,g)$ $[2, 14]$ :
$d\Theta_{1}\equiv 0$ , $d\Theta_{2}\equiv 0$ , $d\Theta_{3}\equiv 0$ $(\mathrm{m}\mathrm{o}\mathrm{d} \Theta 1,\Theta 2,\Theta 3)$ .
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Theorem 4.1 , Pfaff
$\Theta_{1}=0$ , $\Theta_{2}=0$ , $\Theta 3=0$
$z\mapsto-1/\overline{z}$ [2]. $(+, +, -, -)$
, Pfaff $z\mapsto\overline{z}$ .
REMARK 4.2 $TM^{\mathbb{C}}$ $M$ . $\mathscr{C}=$ { $a\in TM^{\mathbb{C}}|$ g(a, $a)=0$}
null cone . null cone $a\in TM^{\mathbb{C}}$ ,
$\Theta_{1}(a+\lambda\frac{\partial}{\partial z})=0$ , $\Theta_{2}(a+\lambda\frac{\partial}{\partial z})=0$ , $\Theta_{3}(a+\lambda\frac{\partial}{\partial z})=0$ , $\langle$8)
$\lambda,z$ . (8) $\lambda\in \mathbb{C},$ $z\in \mathbb{C}\mathrm{P}^{1}$
$a\in \mathscr{C}$ .
$SU$(2) , :
$(\begin{array}{l}\Theta_{1}\Theta_{\sim}\Theta_{3}\end{array})=(\begin{array}{l}00\mathrm{l}\end{array})dz+$ $dt+A(\begin{array}{l}\sigma_{1}\sigma_{2}\sigma_{3}\end{array})$ : (9)
$v_{i}=v_{i}$ (z, $t$), $A=$ ($a_{ij}$ (z, $t$ )) ( $z$ ).
, det4 $\equiv 0$ , , BGPP [3] .
$\mathrm{d}\mathrm{e}\mathrm{u}\neq 0$ . ,
$(\mathrm{m}\mathrm{o}\mathrm{d} \Theta_{1},\Theta\underline,,\Theta 3)$ (10)$(\begin{array}{l}\sigma_{1}\sigma_{9}\sim\sigma_{3}\end{array})\equiv-A^{-1}$ ( $dz+$ $dt$) :
.
(.11)$(\begin{array}{l}s_{\mathrm{l}}s_{2}s_{3}\end{array}):=-_{A}4^{-1}$ ( $dz+$ $dt$),
,
$d(\begin{array}{l}S]s_{2}s_{3}\end{array})\equiv(\begin{array}{l}s_{2}\Lambda s_{3}s_{3}\wedge s_{1}s_{1}\Lambda s_{\sim}’\end{array})$ , ( $\mathrm{m}\mathrm{o}\mathrm{d} \Theta$b $\Theta$2, $\Theta_{3}$ ) $(12)$
, $s_{1},s_{2},s_{3}$ $(z,t)$ 1 , (12)
:
$d(\begin{array}{l}s_{1}\backslash ?_{2}\sim?_{3}\end{array})=(\begin{array}{l}s_{2}\Lambda s_{3}s_{3}\Lambda s_{1}s_{1}\wedge s_{2}\end{array})$ (13)
178
,
$\Sigma=\frac{1}{\sqrt{2}}(\begin{array}{ll}\sqrt{-\mathrm{l}}s_{2} -s_{1}+\sqrt{-\mathrm{l}}s_{3}s_{\mathrm{l}}+\sqrt{-\mathrm{l}}s_{3} -\sqrt{-\mathrm{l}}s\underline{,}\end{array})$ (14)




( $\frac{d}{dz}-B\mathrm{l})$ $(\begin{array}{l}\mathcal{Y}1y_{2}\end{array})=0$ . (17)
Lemma 4.3 $B_{1}$ $z$ ,
$B_{1}= \frac{F(z)}{G(z)}$ ,
$F$ (z) 2 , $G$ (z) 4 . ,
, $z\mapsto-1/\overline{z}$ , $B_{1}\mapsto-^{t}B\iota$ . $(+,$ $+$ ,
$-,$ -) , $z\mapsto\overline{z}$ , $B_{1}\mapsto-^{t}B1$ .
$B\mathrm{l}$ (generic ) 4 1 , (17)
$\mathrm{V}\mathrm{I}$ .
, . lemma 4.3 , $B_{1}$
: $\zeta_{0},$ $-1/\overline{\zeta}_{0},\zeta_{1},-1/\overline{\zeta}_{1}\in \mathbb{C}\mathrm{P}^{1}$ .
, $B_{1}$ :
(a) $B_{1}$ 4 1 $\zeta_{0},$ $-1/\overline{\zeta}_{0},$ $\zeta_{1},$ $-1/\overline{\zeta}_{1}$ .
$B_{1}= \frac{A_{0}}{z-\zeta_{0}}+\frac{-^{t}\overline{A}_{0}}{z+1/\overline{\zeta}_{0}}+\frac{A_{1}}{z-\zeta_{1}}+\frac{-^{t}\overline{A}_{1}}{z+1/\overline{\zeta}_{1}}$ ,
$P_{VI}( \frac{1}{2}(\theta_{0}-1)^{2},$ $\frac{1}{2}\overline{\theta}_{0}^{2},$ $- \frac{1}{2}\theta_{1}^{2},$ $\frac{1}{2}(1+\overline{\theta}_{1}^{2}))$ ,
, \mbox{\boldmath $\theta$}02=2 A20’ $\theta_{\overline{1}}$’=2 A2l.




, \mbox{\boldmath $\theta$}2=2( (A2C))2/ C2.
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REMARK 4.4 scalar-fiat $K\ddot{a}f_{l}ler$ $P_{III}(0,4,4, -4)$
[4], (b) , $-arrow$ .
, $(+, +, -, -)$ . Lemma 4.3 , $B_{1}$
$\zeta_{0},\overline{\zeta}_{0},$
$\zeta$1,
$\overline{\zeta}_{1}$ , $B_{1}$ ,
5 .
(a) $B_{1}$ 4 1 $\zeta 0$ , $\overline{\zeta}0,$ $\zeta_{1},\overline{\zeta}_{1}$ .
$B_{1}= \frac{A_{0}}{z-\zeta_{0}}+\frac{-^{t}\overline{A}_{0}}{z-\overline{\zeta}_{0}}+\frac{\Lambda_{1}}{z-\zeta_{1}}+\frac{-^{t}\overline{A}_{1}}{z-\overline{\zeta}_{1}}$.
$P_{VI}$ ( $\frac{1}{2}(\theta_{0}-1)\underline’,$ $\frac{1}{2}\overline{\theta}_{0}^{2},$ $- \frac{1}{2}\theta$i, $\frac{1}{2}(1+\overline{\theta}_{1}^{rightarrow}’)$),
, $\theta_{0}^{2}=2$ $A_{0}^{2}$ , $\theta_{1}^{2}=2$ $A \frac{}{1},$ .
(b) $\zeta_{0}=\overline{\zeta}_{0}(=\eta)$ , $B_{1}$ 1 2 $\eta\in \mathbb{R}$ , 2 1
$\zeta_{1},\overline{\zeta}_{1}\in \mathbb{C}\backslash \mathbb{R}$ .
$B_{1}= \frac{C}{(z-\eta)^{2}}+\frac{-A_{2}+{}^{t}\overline{A}_{\underline{?}}}{z-\eta}+\frac{A_{2}}{z-\zeta_{1}}+\frac{-^{l}\overline{A}_{2}}{z-\overline{\zeta}_{1}}$ ,
$C=-{}^{t}\overline{C}$ .
$P_{V}( \frac{1}{2}(\theta_{0}+\overline{\theta}_{0}+\theta_{\infty})\underline’,-\frac{1}{2}(\theta_{0}+\overline{\theta}_{0}-\theta_{\infty})^{2},1-\theta_{0}+\overline{\theta}_{0},$ $\frac{1}{2})$ ,
, $\theta_{0}^{2}=2$ $A_{2}^{2}$ , $\theta_{\infty}^{2}=2$ $($ $(A_{2}-{}^{t}\overline{A}_{2})C)^{2}/\mathrm{t}\mathrm{r}C^{2}$ .




, \mbox{\boldmath $\theta$}2=2( A3C)2/ C2.





, \mbox{\boldmath $\theta$}12=2( lC2)2/ 2’ $2$2 $\theta 2=2$ ( $\mathrm{b}^{\mathfrak{c}}$ 12C3)2/ C2-?.
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$(\mathrm{e})\backslash \zeta_{0}=\overline{\zeta}_{0}=\zeta_{1}=\overline{\zeta}_{1}$ (=7) , $B_{1}$ 1 4 $\eta\in \mathbb{R}$ .
$B_{1}= \frac{C_{1}}{(z-\eta)^{4}}+\frac{C_{-}}{(z-\eta)^{s}\neg},+\frac{C_{3}}{(z-\eta)}\underline,$,
$C_{i}=-^{t}\overline{C}_{i}(i=1,2,3)$ . $\det C_{1}\neq 0$ ,
$P_{II}( \frac{1}{2}(1+\mathrm{t}\mathrm{r}C_{2}C_{3}))$
$\det C_{1}=0$ , $P_{I}$ , $C_{1}=-{}^{t}\overline{C}_{1}$ ,
.




Lemma 5.1 $g$ . $B_{1}$ $z=\zeta(t)$ 2
, Pfaff $\Theta_{1}|_{z=\zeta(t)},$ $\mathrm{O}$. $2|_{z=\zeta(t)}$ . , Pf4
$\Theta_{1}|_{z=\zeta(t)},$ $\mathrm{O}-\underline,|_{z=\zeta(t)}$ , $B_{1}$ 2 $z=\zeta(t)$ $[\mathit{1}\mathit{1}, \mathit{1}\mathit{2}]$ .




Theorem 5.2 $P_{III}(\mathit{4}\theta, 4(1+\overline{\theta}),$ $4,$ $-4)$ , $SU(2)$
, .
$B_{1}$ 2 $z=\zeta(t)$ .
DEFINITION 5.3 $g(X,X)=0$ $X\in TM$ .
Pfaff $\Theta_{1}|_{z=\eta(t)},\Theta_{2}|_{z=\eta(t)}(\eta(t)\in \mathbb{R})$ 2
.
DEFINITION 5.4 $N$ $M$ 2 . $N$ $X$
$g(X_{\backslash }.X)=0$ , $N$ .
178
Lemma 5.1 , $z=\eta(t)\in \mathbb{R}$ $B_{1}$ 2 , $M$
Pfaff $\Theta_{1}|_{z=}$ ) $(t)$ , $\Theta_{2}|_{-=\eta(t)}\sim$, , , $M$ $x$ , $x$
. , .
, $SU$(2) , .
Theorem 5.5 ( )
(a) generic ,
$P_{VI}( \frac{1}{2}(\theta_{0}-1)^{2},\frac{1}{2}\overline{\theta}_{0}^{2},$ $- \frac{1}{2}\theta_{1}^{2},\frac{1}{2}(1+\overline{\theta}_{1}^{2}))$ :
.
(b)(M, $g$) $SU$(2) ,
$\sim_{III}(4\theta,4(1+\overline{\theta}),4,$ $-4)$ ;
.
Theorem 5.6 ( $(\dashv-,+,$ $-,$ $-)$ )
(a) generic ,
$P_{VI}( \frac{1}{2}(\theta_{0}-1)\underline’,$ $\frac{1}{2}\overline{\theta}_{0}^{2},$ $- \frac{1}{2}\theta_{1}^{2},$ $\frac{1}{2}(1+\overline{\theta}_{1}^{2}))$ :
.




$\theta_{\infty}\in \mathbb{R}$ , $\theta_{0}\in \mathbb{C}\backslash \mathbb{R}$ ,
$P_{I}$I$(\alpha)$ , $\alpha\in \mathbb{R}$ .
(c) $M$ $x$ , $x$ 2 ,
$P_{I}$I$(4\theta_{1},4(1-\theta_{2})$ ,4,-4), $\theta$l, $\theta_{2}\in \mathbb{R}$
.
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